Interplanetary shocks accelerate solar energetic particles (SEPs) from the point of shock formation in the lower corona, and continuously as the shock propagates outward to 1 AU and beyond. In this study, the formation properties of a CME-induced shock and propagation characteristics are studied from the inner corona to 1 AU. We use a 2D, three-component (i.e., 2.5D), time-dependent MHD code in our model. A well-studied CME event (the 1997 January 6−12 Sun-Earth Connection Event) is used as a baseline for this study. The solar wind conditions measured at 1 AU (WIND data) are used to motivate our effort to model the CME driven shock. It is found that the fast forward shock forms originally at ∼3.2 R s (solar radii) from the solar surface in the ecliptic plane for the assumed CME and background solar wind parameters. In our model, this occurs ∼2 hrs after CME initiation. The shock formation at higher (∼30
Introduction
There are two types of solar flare particle events: 1) "impulsive" events that have a short duration of a few minutes in which the particles propagate to 1 AU within tens of minutes (after visible X-ray and disc flaring at the Sun), and 2) "gradual" events that have much longer onset times and are delayed from the prompt event onset by hours (Cane et al. 1986; Lin 1987; Kallenrode 1993; Reames 1995; Heras et al. 1995) . One possible explanation of the two types of events has to do with magnetic connectivity to the particle acceleration site. Eastern flares may have prompt responses of highly energetic particles at 1 AU. These events, then, may be followed by delays until the expanding shocks connect with the observer via the interplanetary magnetic field (IMF) for energization of the lower energy particles (say, ≤50 MeV). In this sense, the latter, gradual events are delayed by hours from the prompt events. Alternatively, onsets in gradual events from well-connected IMF flare sources in the western hemisphere can be as fast as in impulsive ones Send offprint requests to: S. T. Wu, e-mail: wus@cspar.uah.edu compared to onset in microwaves/X-rays and/or some other flare signatures (Kallenrode 1993; Lario et al. 1998) . Later in this paper, we will offer a scenario explaining this latter effect.
Of these two types, the gradual events are the most intense (Kahler 1984; Reames 1999 ) and of greater danger in radiation (space weather) effects. For instance, the energetic particles can cause spacecraft solar panel degradation, single event upsets (SEUs) in the electronics, and can pose other radiation hazards as well. The gradual events are believed to be accelerated at coronal/interplanetary shocks by a Fermi mechanism for quasi-parallel shocks (Ellison 1981; Jokipii 1982; Lee 1982) and gradient-drift acceleration (Hudson 1965; Armstrong et al. 1977 ) for quasi-perpendicular shocks. Quasiparallel and quasi-perpendicular shocks are so named because the shock normals are quasi-parallel (θ nB < 45
• ) and quasiperpendicular (θ nB > 45
• ) relative to the upstream magnetic fields, respectively (Tsurutani & Lin 1985; Kallenrode 1996) . This boundary value of θ nB is, of course, only approximate. For recent reviews of both types of particle acceleration, see Foreman & Webb (1985) and Lee (2000) .
Particles that are accelerated by a shock, propagate into the upstream (anti-sunward) direction guided by the interplanetary magnetic field. As the shock propagates through interplanetary space, it continuously accelerates energetic particles. During the particle's transport to the point of observation, the particles are subjected to adiabatic deceleration, pitch angle scattering (see Tsurutani et al. 2002) , and energy diffusion. Thus, at the spacecraft, the instruments detect particles that have been accelerated at a variety of distances and have undergone different evolution. To compound the problem, the shock itself has evolved (see discussion in Kallenrode 1997a,b) and its particle acceleration efficiency with it. It is the latter problem that we wish to address here by providing the characteristics of shock evolution. Another issue, rarely discussed, is when the shock first forms. We will discuss CME initiation and eventual shock formation.
Although the principles of the physical processes of particle acceleration are reasonably well understood (Lee 2000) , we know far less about the shocks themselves. It is not known what physical properties they have at and just after the time of formation (Mach number, M f , the afore-mentioned θ nB and the upstream plasma β), and how these properties evolve with time and distance. The previously mentioned symbols are defined as follows: M f is the shock speed (minus the upstream flow speed) divided by the local fast magnetosonic wave speed; and β is the plasma thermal pressure (nkT) divided by the magnetic pressure (B 2 /8π), respectively. Since the onset of the acceleration process may form the "seed particles" for the later acceleration, continued interplanetary acceleration further from the Sun and knowledge of the initiation are extremely important. Different onsets may lead to totally different end results as shown by the empirical results of Heras et al. (1995) who used the early 2D MHD model of Wu et al. (1983) for the temporal shock modelling procedure. This paper is motivated in a similar direction but limited here to the meridional plane.
Recently, Zank et al. (2000) presented a time-dependent model of particle acceleration at a propagating, evolving interplanetary shock. However, their evolving shock model is a kinematic model in which the first principles of the MHD equations are not used. In the present study, our efforts will be to use an 2.5D MHD code to model, for the first time, some of the basic CME-induced and subsequent ICME-induced shock properties from formation near the Sun to 1 AU. We will use a wellstudied CME to match measurements at 1 AU (WIND data) in our code to model the CME driven shock.
The shock Mach number, shock normal in the meridional plane, and upstream plasma beta will be modeled as a function of time and distance from the Sun. In addition, the disturbed (downstream) interplanetary parameters at 1 AU will also be presented. There is an important omission in our study, namely the B φ component of the upstream Archimedian spiral interplanetary magnetic field. An appropriate 3D MHD model with full time-dependent boundary conditions at 1 R s and that extends beyond all critical points (cf. Nakagawa et al. 1987) does not exist as yet. Our self-consistent axisymmetric model includes these boundary conditions and generates B φ as part of the time-dependent solution. However, all partial derivatives with respect to the azimuthal angle, φ, are taken to be zero in this present work.
A description of our model is given in Sect. 2. Results are provided in Sect. 3 and some conclusions are noted in Sect. 4.
Description of the simulation model
for formation of a CME induced shock
To determine shock formation and propagation from the inner solar corona to the heliosphere (∼1 AU) due to the propagation of a particular simulated CME, we use a streamer and fluxrope model given by Wu & Guo (1997) . The model has been successfully used to model some important features of several CMEs observed by the SOHO spacecraft coronagraph, LASCO (Wu et al. 1997a (Wu et al. , 1999 Plunkett et al. 2000) . These CMEs were generated by destabilized streamers and possessed propagating flux-rope magnetic configurations. The mathematical model and procedures used to construct the streamer and flux-rope system were discussed in detail by Wu & Guo (1997) and Wu et al. (1997b) and will not be repeated here. However, to introduce the reader to this topic, a brief description of the model is presented below. The streamer and flux-rope MHD model consists of a twoflux system oriented orthogonally to each other. One represents a helmet streamer, and the other represents the flux-rope that moves into the computational domain from below the photosphere. Initially, they are in dynamical equilibrium, namely, the quiet solar wind is included. In order to accommodate the additional heating source processes occuring in the solar corona and interplanetary space to match the typical solar wind properties at 1 AU, the polytropic index is chosen to vary with the radial distance from 1.03 to 1.46 (Wu et al. 1999) . At the pole the solar wind speed conditions vary from ∼10 km s −1 at the solar surface to 420 km s −1 at 215 (R s ). At the equator, the solar wind varies from 0 km s −1 at the solar surface to ∼400 km s Figure 2a provides these parameters from 1−10 R s (i.e. close to the Sun), and Fig. 2b gives a broader perspective out to 220 R s . These initial parameters are important towards the understanding of CME-induced shock formation, propagation, and relation to the temporally-developing shock properties that are relevant to the efficiency of particle energization. An important characteristic of these parameters given in Fig. 2b can be immediately recognized: that is, these background parameters are not dependent on latitudes beyond ∼60 R s for this particular streamer/solar wind model. In particular, the two Fig. 1 . A representative streamer with magnetic cavity topology where the cavity is formed by a flux-rope with low density and high magnetic field strength; a) the magnetic field lines and velocity vectors in the meridional plane; and b) the corresponding computed polarization brightness (pB) based on the density distribution of the model (1996) . The largest velocity vector at 6 R s over the pole is ∼200 km s −1 .
characteristic speeds, fast and Alfvén (plotted in Fig. 2b on a logarithmic scale), indicate that the former is dominated by the latter close to the Sun (Fig. 2a ), but is dominated by the sound speed at the larger distances. This behavior, of course, reflects the heliocentric decrease of magnetic energy in the solar wind. Figure 3 shows the meridional plane plasma beta contours corresponding to the present model of the corona and heliosphere. It is easy to note that the plasma beta is very small ( 1.0) above the coronal holes (open field regions) and is larger over the streamer. We suggest that this variation of β close to the Sun may be relevant to shock-particle energization close to the initial moments of shock formation. We believe that this β variation is important for the following reason; β is inversely proportional to the square of the Alfvén speed for a constant coronal temperature, thus the Alfvénic speed is inversely proportional to the square root of β. In the corona, the value of β is generally much less than unity. This means that the magnetosonic speed is large; consequently, it will affect the formation of shocks.
The analyses of LASCO and the earlier Solar Maximum Mission (SMM) coronal observations (Dere et al. 1997; St. Cyr et al. 1999; Plunkett et al. 2000; Simnett 2000) show that there are many CMEs that are initiated with a streamer and flux-rope magnetic topology. These observations, then, motivated our assumption of this self-consistent, meridional, magnetic configuration ( Fig. 1) as the initial state for the launching of a CME.
To initiate this simulation, we use the streamer and flux-rope model of Wu & Guo (1997) and introduce an additional component of magnetic field (Wu et al. 1997b ) along the radius of the flux-rope (B φ ). The mathematical expression to implement this process is:
where r f is the radius of the flux-rope; γ an arbitrary constant related to the magnitude of increasing field strength, which is chosen to be 0.004 for the present study; r * the distance between the center of the flux-rope and the point where B φ is added (with r * < 0.85 r f ); and the superscript, n, indicates the time steps. Physically, this could be interpreted as an injection of magnetic flux along the axis of the filament which, in turn, leads to an increase of current in the radial and meridional directions. This additional current interacts with the background magnetic field and produces an outward Lorentz force ( j × B) that destabilizes the streamer, thus launching the CME into interplanetary space (Wu et al. 1999 . The LASCO observations during January 6−12, 1997 (i.e. the socalled January 1997 Sun-Earth Connection interval) is an example of an event of this type. This temporal interval attracted a great deal of attention in the solar-terrestrial community because it was the first time a complete set of data at the solar surface, in interplanetary space, in the magnetosphere and in the ionosphere was recorded. Many in situ solar wind and simulation analyses were presented for this event (Wu et al. 1997c; Burlaga et al. 1998; Lu et al. 1998; Tsurutani et al. 1998) . A self-consistent axisymmetric (i.e. 2.5D) MHD analysis of the dynamical relationships between a flux-rope, streamer, coronal mass ejection, and magnetic cloud was presented previously (Wu et al. 1999) . In this latter study, Wu et al. (1999) demonstrated that the model simulations were satisfactorily similar to the height-time curves measured by SOHO/LASCO (see Fig. 3b of Wu et al. 1999 ) and the plasma and magnetic field measured by WIND (see Fig. 9 of Wu et al. 1999) . However, the authors did not analyze the CME-induced MHD shock developed in the corona and heliosphere. As discussed in the Introduction, the focus of our analysis is an extension of this work. We will discuss the formation of the fast forward shock ahead of the CME, its spatial and temporal propagation through interplanetary space, and some shock properties that may be relevant to the efficiency of particle acceleration during its transition to 1 AU. Figure 4 shows the evolution of the magnetic field and the solar wind velocities in the corona (1−20 R s ) at 1, 3, 5 and 7 hours after the initiation of the CME. The corresponding relative density (
Results
) contours are shown in Fig. 5 . By examining these two figures together, the formation of the MHD fast shock can easily be identified by the IMF deformation (or kinking) and the steepening density gradient. Approximately one hour after the CME initiation, the MHD fast shock has not yet formed, but the three parts of a frequently-observed CME (Illing & Hundhausen 1986 ) can be noted in the density profile. The enhanced density legs of the CME can be clearly seen. The density enhancement of the current sheet is also exhibited. Approximately 2 hours after CME initiation, the MHD fast shock first appears (not shown, but can be inferred at t = 3 hrs in the two Figs. 5 and 6 ). The shock is formed in front of the flux-rope. To identify the MHD shock, we compute the ratio of the wave speed (and its value relative to the background solar wind speed) and fast magnetosonic speed. Since this ratio (fast Mach number, M f ) is greater than unity, we conclude that it is, indeed, a MHD fast shock.
Approximately 5 hrs after initiation (shown in Figs. 4 and 5), the shock front in the equatorial plane (identified by the large velocity vector in Fig. 4 and the high plasma density in Fig. 5 ) has propagated to a distance of ∼9 R s from the Sun. The small dimple (i.e., shock speed decrease) in the equatorial plane is caused by the shock's movement into the higher density heliospheric current sheet. At ∼30
• above and below the ecliptic, the Mach number of the shock is lower (indicated by the lower kinking of the IMF in Fig. 4 ) and less compressive (indicated by the density contour diminution in Fig. 5 ). The shock is also slightly further from the Sun at those angles and at the distance ∼10.5 R s . At t = 7 hrs, the shock has developed more fully. The shock shape is more symmetric, with the shock occurring at ∼16 R s from the Sun. As expected, the shock strength is strongest in the ecliptic plane (M f ∼ 3.5−4) and weaker (M f ∼ 1.7−2) at higher latitudes. Figure 6 shows the CME-induced shock wave characteristics. Moving from top to bottom in two columns, (left "corona" and right "heliosphere"), these characteristics include: the radial distance of the shock front from the solar center; the angle of the shock normal relative to the north pole; the downstream (i.e., anti-sunward) plasma beta; and the magnetosonic (fast MHD wave) Mach number as a function of time. The parameters as a function of latitude are given by the four curves in each panel as described in Fig. 6 's title. This figure consists of two parts: the left-hand column shows the shock properties in the corona (1 ≤ r ≤ 20 R s ) and the right-hand column shows the shock properties in the heliosphere (20 ≤ r ≤ 220 R s ). There are a number of important features found in Fig. 6: 1. The propagation speed of the shock front is highest in the equatorial plane and decreases with increasing (absolute) latitude. This result is to be expected because the motion of the flux-rope (the piston generating the shock), is confined to the equatorial plane. 2. The plasma beta conditions out to 20 R s , shown in Fig. 7 , is much smaller in the polar region than in the equatorial region. This is due to the initial model assumptions that are in accordance with the typical observed properties reported elsewhere. This is also the cause of higher magnetosonic speeds at higher latitudes. 3. The shock magnetosonic (MHD fast wave) Mach number is strongest at the equator and becomes weaker at higher latitudes. For this simulated event (i.e., the Jan. 6−12, 1997 interval), the MHD fast shock first appears ∼2 hours (as mentioned above) after CME initiation, at a position of 3.2 R s from the Sun in the ecliptic plane. The shock Mach number increases with increasing distance from the Sun. A value of M f = 3 is reached at ∼18 R s . The maximum value of M f = 4 occurs at ∼130 R s , then decreases to about 3.5 by 210 R s (i.e., about 1 AU). 4. The angle of the shock (wave) normal in the meridional plane has its greatest variation at mid-latitudes near the corona. In contrast, the shock normal angle is almost constant at both poles and equator far away from the corona. What is particularly striking is that, beyond 8 to 10 R s , most of the normal angles on the shock surface remain relatively constant with increasing distance as if we had a uniformlyexpanding spherical CME propagation.
To further understand the shock evolution, we have plotted the disturbed (downstream) plasma beta conditions out to 20 R s shown in Fig. 7 . Basically, the coronal plasma is still a low beta plasma except at the streamer where the current sheet is located. The plasma beta increases in the region downstream (i.e. anti-sunward) of the shock. It is also noted that the plasma beta is much smaller within the flux-rope. This latter point is consistent with in situ measurements of magnetic clouds at 1 AU (Klein & Burlaga 1982; Farrugia et al. 1997; Tsurutani & Gonzalez 1997) . We present next the disturbed properties through the shock and the sheath plus magnetic cloud (or ICME): these properties include magnetic fields, velocities, densities and temperatures at 1 AU in detail as a function of time. Figure 8 shows these disturbed properties at the equator in the left panel, and at 45
• latitude in the right panel, respectively. In essence, these time series are simulations of what may be observed by appropriately-located spacecraft. The horizontal axis represents hours from CME initiation at the Sun. The first signature that is noted is the fast forward shock at ∼70 hrs in the equator and the weaker shock at ∼75 hrs at 45
• latitude. The shock is indicated by the dashed vertical line denoted by "S". In the equatorial plane, the shock is identified by the rapid jump in velocity from 425 km s −1 to ∼570 km s −1 ; temperature from 1.8×10 5 K to 3.1×10 5 K; density from 7 cm −3 to 39 cm −3 ; and magnetic field strength from 1.35 nT to ∼32 nT. These physical parameters could also be plotted (not shown here) as a function of radial distance at say, t = 70 hrs, the time shown for the "shock" in Fig. 8 . Given the computational grid size at 1 AU to be 1 R s , 4 grids are required to resolve the shock. Thus, the simulated shock jumps might, subjectively, be chosen to be less (using conventional average procedure for "before" and "after" the shock) than those just given from the somewhat coarse temporal resolution in Fig. 8 . Furthermore, we have used the analytical solution of Rankin-Hugoniot equations for a spherically-symmetric, 1D, MHD wave propagation model (Han et al. 1982 ) to verify our numerical results; this procedure shows good agreement for a polytropic index being 1.46. The sheath region (Sh) is just behind the shock and is located between the two vertical dashed lines. It is characterized by high speeds, temperatures, densities and magnetic field strengths. The sheath is the upstream slower solar wind that has now been compressed and swept up by the fast shock. Fig. 8 . The disturbed velocity, density, temperature, total magnetic fields, and latitudinal components (B θ ) at 1 AU as a function of time at the equator (left panel) and 45
• away from the equator (right panel), respectively, where S, Sh and MC indicate the shock, sheath, and magnetic cloud.
Following the sheath is the magnetic cloud (MC). This region is identified by the higher solar wind density (∼27 cm −3 maximum) at the equator; low temperature (1.3 × 10 5 K) and high field strengths. The β value within the cloud is the lowest of any of the regions shown. The magnetic cloud B θ values show a characteristic south-north turning.
The characteristics of the interplanetary event at 45
• latitude are similar to those in the ecliptic, but with subtle and important differences. The shock at higher latitudes is weaker and delayed from that in the ecliptic plane, as mentioned previously. This means that the shock has taken a slight "bullet" shape, a deviation from a spherical shape. The maximum in the velocity is only ∼520 km s −1 , less than at the nose of the event (∼570 km s −1 ). The temperature (2.7 × 10 5 K) and density (20 cm −3 ) of the sheath plasma is much less than in the ecliptic plane because of the relatively weaker shock strength at the higher latitudes. The magnetic field strength reaches a maximum value of only ∼11 nT.
The magnetic cloud is much less well defined in temperature and density. However, it is much better defined in field magnitude and B θ , giving the appearance that one often finds in interplanetary space for some ICMEs that are referred to as magnetic clouds.
The additional magnetic compressional features noted in the ecliptic plane (and not present at high latitudes) are due to the driven nature of the flux-rope. It should be noted that the turning direction of B θ depends on the field polarity chosen for the model. The latter would be directly related to the observations of the solar magnetic field at the photospheric level. In the present simulation, we have chosen a north-south bipole streamer. That is why the resulting simulation exhibits a B θ southward turning first and then northward turning. If the initial field polarity were south-north, then the resulting magnetic field would be in reverse order from the present case. It is interesting to note that Guo et al. (1996) showed, from this streamer and flux-rope configuration, that the streamer polarity determines the interplanetary magnetic field (IMF) configuration at 1 AU (because of the magnetic reconnection process). This implies that, when the flux-rope has a polarity opposite to that of the streamer, through reconnection, the flux-rope will be converted to the streamer's polarity. In other words, the IMF response depends on the streamer's configuration rather than that of the flux-rope. On a slightly different note, see also comments on energetic particle transport through sector boundaries, Kallenrode (1993) .
Conclusion
We have simulated a coronal shock formation and its propagation and evolution from the Sun to the heliosphere using a selfconsistent axisymmetric MHD flux-rope model (Wu & Guo 1997; Wu et al. 1999) . A flux-rope emergence into a streamer from below the photosphere was assumed for the driver of the CME. We find that the CME was nonlinearly accelerated close to the Sun. The shock is formed very close to the Sun, at a distance of ∼3.2 R s from its surface, in the ecliptic plane. The shock Mach number reaches a maximum value of 4 at 130 R s , and at 1 AU, the Mach number is slightly reduced to ∼3.5.
By examining the results shown in Figs. 4 , 5, and 7 together, it is recognized that the flux-rope served as a piston for the generation of a MHD fast shock. For example, the highly compressed region shown in the density distribution (Fig. 5) is ahead of the flux-rope, i.e., the region sometimes called the CME sheath (Tsurutani et al. 1998) . In this region, the plasma beta is larger than it is within the flux-rope as shown in Fig. 7 . The shock is formed only when the speed of the CME driver relative to the upstream plasma is faster than the local magnetosonic speed. Because the magnetosonic speed near the sun is very high (low β plasma), shock formation is prohibited until the CME reaches 3.2 R s .
In summary, we have presented a self-consistent, global axisymmetric (i.e. 2.5D) MHD model with an initial state consisting of a streamer and flux-rope imbedded in a model solar wind. We have demonstrated that the model is capable of predicting the location, strength and normal of the CME induced shock. By comparing the model results and typical observed characteristics, we immediately noted that the filament plasma mass is missing after the magnetic cloud. This is because our model only includes the flux-rope as a proxy of the magnetic cloud without filament structure within the flux-rope.
We suggest that the shock conditions (cf., M f and absolute magnetic field and velocity jumps) along the global shock configuration are, as suggested by Heras et al. (1995) and others, relevant to any study of the efficiency of shock energization processes. These parameters can be found only by MHD simulation such as demonstrated by this example. However, we have not demonstrated the θ nB calculation that must await a fully three-dimensional MHD simulation.
There has been a great deal of discussion about which occurs first, the release of a CME or the onset of a solar flare (Harrison 1986; Hundhausen 1999; Sveskta 1995; Dryer 1996) . Much of the debate stems from the extrapolation of observations of the CME high in the corona back to the site of origin. These arguments have dealt with small time differences of minutes up to tens of minutes. In this paper, we have shown that it takes hours from the time of the release/initiation of a slow CME to the formation of a shock upstream of the CME. Our model results on the acceleration of the CMEs in the lower corona are in very good agreement with the coronagraph measurements of SOHO (cf., Wu et al. 1999 ), so we can feel quite confident about the accuracy of the model. The implications are quite important for the origin of solar flare particles. Clearly the CME shock that we discuss in this paper can accelerate particles only well after the CME has propagated to 3.2 R s and beyond. The shock will have only a Mach 1.0 speed at this distance, and will gain strength at a later time and distance as it propagates into the lower magnetic field strength and density environment. Thus, solar flare particles that arrive at 1 AU within a few hours of the flare/CME launch cannot be due to acceleration by a CME shock mechanism of the particular class discussed here. Another mechanism(s) must be responsible. Some suggestions are included in the magnetic reconnection process (Sakai & de Jager 1996; Podgorney & Podgorney 2001 ) occurring near the flare site. We suggest that solar flare particle scientists compare and contrast these firstarriving (prompt) particle properties to those (gradual enhancements) detected in situ at the ICME shock proper to help understand the differences/similarities of the two mechanisms.
Fast CMEs, on the other hand, have been found to have exponential speed profiles that peak within 2−3 R s with high constant speeds in the upper corona (Shanmugaraju et al. 2003 , and references therein). These fast CMEs will most certainly exceed the local magnetosonic speed (and form a shock) closer to the Sun than slow CMEs, but how much closer and how much faster is beyond this current effort. We plan on following the present paper with a subsequent work which will model and follow the fast CME shock formation from the lower corona to 1 AU. Just as there are two types of CMEs, there will be two different types of shock formation sequences and also two types of associated particle events.
There are, of course, variations in the speeds of slow CMEs and fast CMEs. This will lead to variations in the CME shock properties giving a spectrum of delay times in shock formaton, time delays of the shock reaching maximum Mach numbers, etc. In our future efforts we will examine SOHO CME observations to attempt to estimate the variability of shock formation and shock evolution as a function of time and distance from the Sun based on our modeling results.
As a final remark, we would like to point out that the initial interplanetary magnetic field topology has not included the Parker spiral field. Thus the model-predicted shock normals have been measured only in the meridional plane relative to the north pole. However, the model-predicted shock normals in the inner heliosphere (20 R s ) are believed to be accurate because the open magnetic field lines are almost radial.
Overall, this model has demonstrated the capability to give quantitative descriptions of the undisturbed and disturbed physical parameters of simulated CME shocks that propagate from the Sun to the near Earth environment. The next step is to couple the predicted shocks and their shocked plasma properties to develop a more complete (Tsurutani & Lin 1985; Heras et al. 1995; Lario, et al. 1998; Zank et al. 2000) particle acceleration model. The model can then be tested with observed SEP events.
